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Abstract 



The invention relates to two single and stable solutions for peritoneal dialysis (PD) and hemodialysis (HD). The 
solutions contain the needed electrolytes, the bicarbonate and at very small concentration (1 .5mM/L) disodium 
hydrogen citrate. Besides, the PD solution contains the following ten indispensable amino acids, L-histidine, L- 
leucine, L-lysine, L-methionine, {.-phenylalanine, L-threonine, L-tryptophane, L-valine, L-arginine and L-glutamine, 
while the HD solution contains the two dispensable amino acids, L-aspartic acid and L-glutamic acid. 
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(57) The invention relates to two single and stable 
solutions for peritoneal dialysis (PD) and hemodialysis 
(HD). The solutions contain the needed electrolytes, the 
bicarbonate and at very small concentration (1.5mM/L) 
disodium hydrogen citrate. Besides, the PD solution 



contains the following ten indispensable amino acids, L- 
histidine, L-leucine, L-lysine, L-methionine, L-phenyla- 
lanine, L-threonine, L-tryptophane, L-valine, L-arginine 
and L-glutamine, while the HD solution contains the two 
dispensable amino acids, L-aspartic acid and L-glutam- 
ic acid. 
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Descriptl n 

Background f The Inventi n 

5 [0001] Peritoneal dialysis (PD) and hemodialysis (HD) are commonly used methods in the treatment of patient with 
end-stage renal disease. The uremic patient's blood, is brought into contact with dialysis solutions across either the 
peritoneal or an artificial membrane and is purified from the waste products based on the principles of dialysis. 
[0002] Such solutions should have an electrolyte formula resembling as closely as possible that of normal plasma 
and contain, for exemple, sodium, potassium, chloride, calcium and magnesium ions. In PD solutions glucose is used 

10 as an osmotic agent while lactate, acetate and bicarbonate ions as buffering agents. All currently used PD solutions 
still have many drawbacks with serious consequences, arizing mainly from lactate, the low pH (5.2) and the high glucose 
concentrations and in HD solution from acetate. 

[0003] At present three PD solutions containing glucose concentrations 1 5,25 and 42.5 g/L are used. Because of 
their high glucose concentrations, patients on continuous ambulatory peritoneal dialysis (CAPD) absorb daily about 

15 200 g of glucose. This superabundant amount of glucose leads to hyperglycemia, hyperinsulinemia, hyperlipidemia 
and obesity, which are important risk factors for accelerating atheromatosis and arteriosclerosis. In addition, as these 
peritoneal solutions must be sterilized by autoclaving at a pH around 5.2 in order to avoid the carmelisation, toxic 
substances are generated such as glucose byproducts (5 hydroxyl methyl furfural, furandic carboxylic acid, acetyl 
acrylic acid), advanced glycosylation end byproducts (AGEs), and reactive oxygen species (ROS) which damage per- 

20 itoneum and its function. 

[0004] On the other hand, acetate in HD solution (dialysate) is unable to control metabolic acidosis and furtermore 
has the potential of causing bicarbonate 

[0005] On the other hand, acetate in HD solution (dialysate) is unable to control metabolic acidosis and furtermore 
has the potential of causing bicarbonate deficit, accumulation of acetate and its metabolites, as well as for consequent 
25 acid-base and hemodynamic disturbances. Bicarbonate has many advantages as it is the major natural buffer, with 
the better interdialytic hemodynamic stability and tolerance, can restore effectively acidosis with beneficial effects on 
protein metabolism, nutrition, the skeleton and the overall well-being of patients. However, there is a serious problem, 
as bicarbonate could react with calcium and magnesium and form insoluble neutral calcium and magnesium carbonate 
salts. 

30 [0006] In order to overcome this drawback one approach uses two different solutions, one alkaline, containing bi- 
carbonate, and the other acidic, containing calcium and mangesium, which are mixed on-line during dialytic therapy. 
A similar technique uses dry bicarbonate in a cartridge belt. It has been proposed, but not strongly supported, that in 
the on - line mixed solution, which ordinary has a pH of 6.8-6.9, insoluble neutral calcium and magnesium carbonate 
are formed late during infusion. This is correct, however, only when the solution is stored in the laboratory, including 

35 into air tight bottles, but not during treatment. In fact, studying this on-line solution at a dialyzer exit, after its contact 
with patient's blood through the artificial membrane, we noted that its pH reached 7.15-7.20, and it is deteriorated 
rapidly. More problematic is the use of on-line technique in CAPD. In fact, this is very complicated, tedious and risky 
as it necessitates 4 exchanges of sterile peritoneal solutions each day which are performed by the patient. 
[0007] The on-line technique produces a non authentic bicarbonate solution as it becomes unstable during infusion 

40 and may decrease bicarbonate and favor the accumulation in the patient's plasma of carbonic acid, carbon dioxide, 
soluble hydrogen calcium and magnesium carbonates and finally insoluble neutral calcium and magnesium carbonate, 
the deposition of which, become evident on the wall of the connecting tubes (1-6). 

[0008] From many years we have worked on the preparation of single bicarbonate solutions for PD and HD. Such 
imrpoved single bicarbonate solutions have been produced by rendering them true and efficient buffers with pH 7.35 

45 by adding a quantity of glycylglycine. At this constant pH the formation and precipitation of insoluble neutral calcium 
and magnesium carbonate are suspended. Bicarbonate solutions were patented internationally by the author and 
Pierre Fabre Medicament Society (Paris, France). Numerous experimental and clinical trials have demonstrated their 
superiority, compared to similar standard lactate and on-line produced bicarbonate solutions ( 7-11). The high cost of 
glycylglycine and the need for sterilization by filtration, not accepted in many countries have made their production 

so unacceptable. 

[0009] To overcome this hindrance we have replaced successfully glycylglycine by the L-aspartic and L-glutamic 
acids at very low concentrations and prepared single and stable bicarbonate solutions, which are already patented in 
Greece and European Union (12). 

[0010] We describe here the production of a single amino acid-based bicarbonate PD solution and a single bicarbo- 
55 nate HD solution by using simple, competent and safe technical approach. 
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Description of the soluti ns 

[0011] The particular features of single bicarbonate solutions for both PD and HD are the inclusion of disodium 
hydrogen citrate into their formulation, plus the inclusion of amino acids into the PD solution. 

5 [0012] Studies in our laboratories proved that the inclusion of disodium hydrogen citrate at a very low concentration 
(1.5 mM/L) into the PD and HD solutions of a pH 7.25 -7.45, completely abolishes the well known reaction between 
bicarbonate and calcium-magnesium. As citrate disposes a potent chelating capability on divalent cations, calcium and 
magnesium form with citrate water soluble complexes. Consequently, after the entry of these complexes in the circu- 
lation, citrate is rapidly metabolized to bicarbonate in the liver and the released calcium and magnesium regain their 

10 pure forms. We used disodium hydrogen citrate because may control the indicated pH and also because it is more 
stable than trisodium citrate. Amino acids added in PD solution instead of glucose. 

Single amino acid- based bicarbonate PD solution 

is [0013] The exact formulation of single amino acid-based bicarbonate PD solution is listed in Table 1 . 

[0014] In 1968 Dudrick et al (13) introduced amino acids in parenteral i.v. nutrition and the same year Gjessing (14) 
added amino acids to the peritoneal solution, in an attempt to compensate for losses occuring during dialysis. In 1979 
Oreopoulos et al used, for the first time, amino acids as osmotic agent in PD solution, at a concentration of 1 and 2%. 
instead of 1 .5 and 4.25% glucose (15). Since then, handreds of relative articles have been published. 

20 

Table 1. 



45 



A single and stable improved bicarbonate amino acid solution for peritoneal dialysis 


Amino acids 


mw 


mM/L 




L-Histidine 




C 6 H 9 N 3 0 2 


155.16 


6 


0.931 


L-Leucine 




C 6 H 13 N0 2 


131.17 


16 


2.098 


L-LysineHCI 




C 6 H 14 N 2 0 2 HCI 


182.60 


10 


1.826 


L-Methionine 




CsH^NC^S 


149.21 


8 


1.193 


L-Phenylalanine 




C 9 H 11 N0 2 


165.19 


3 


0.495 


L-Threonine 




C 4 H 9 N0 3 


119.12 


13 


1.548 


L-Tryptophan 




Cl1 H 12 N 2C)2 


204.22 


2 


0.408 


L-Valine 




C 5 H 11 N0 2 


117.15- 


18 


2.108 


L-arginine 






174.20 


3 


0.523 


L-Glutamine 




C 5 H 10 N 2 O 3 


146.15 


15 


2.192 


Number of amino acids : 10 






1544.17 


94 


13.322 


Average mw : 






154.42 






Electrolytes 






g/L 


Sodium chloride 




NaCI 


58.44 




5.569 


Sodium bicarbonate 




NaHC0 3 


84.01 




2.940 


di-sodium citrate 




C 6 H 6 Na 2 0 7 VAH 2 ° 


236.09 




0.354 


Calcium chloride 




CaCI 2 -2H 2 0 


146.98 




0.221 


Magnesium chloride 




MgCI 2 -6H 2 0 


203.21 




0.102 


Na135+ C1 101.5+ HC0 3 35+ 

Cit 1 .5 + Ca 1 .5+Mg 0.5 mM/L : 

pH : 7.25-7.45 Collective osmolarity :369 mOsm 






278 





[0015] Amino acids are the structural units from which proteins are synthesized. They are unevenly distributed in 
the media of the body and are chemically reactive. Because amino acids possess a basic amino group they have the 
power to combine with either alkali or acid, acting as buffers. Amino acids can be classified, according to their chemical 
structures and reaction into 3 groups, in basic amino acids in which the ratio between basic amino group and acid 
55 carboxyl group is 2:1 , in neutral amino acids in which the ratio is 1 :1 and in acidic amino acids in which this ratio is 1 : 
2. Dietary amino acids are a good source of energy in some organs. Thus almost 50% of oxygen consumed by the 
liver is used for amino acid oxidation, and in small intestine is almost 30%. In the muscle and kidney, however these 
figures are 7.5% and 12.5%, respectively. Not all amino acids or proteins are equal nutritionaly. Negative nitrogen 
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balance may occasionally have to b corrected by hyperalimentation or total parenteral nutrition (TPN) amino acids, 
plus a sourc of calories in the form of fat and carboxydrate and also contain all other nutritional factors required for 
life such as vitamines, and minerals. Early was discovered by Osborne and Mendel (16), that the elimination of certain 
amino acids from the diets prev nted survival or growth, while the omission of others had no deleterious effect upon 

5 the body function. This had led to the classification of amino acids as essential or nonessential (17,18) These terms 
i are less than precise. Today, it is prefered to use the terms "indispensable"and "dispensable" amino acids. In 1987, 

Laidlaw and Kopple (19) in a study in healthy adult human identified nine amino acids (isoleucine, leucine, lysine, 
methionine, phenylalanine, threonine, tryptophan, valine and histidine) which were shown, by classical nitrogen balance 
studies, to be indispensable, while the others were dispensable. 

10 [0016] Studying our formulation of single PD solution one can note that the amino acids used are different, one to 
another in respect of quantitative and qualitative structure. In fact, it contains at relatively high concentration ten indis- 
pensable amino acids, histidine, leucine, lysine • HCI, methionine, phenylalanine, threonine, tryptophan, valine, ar- 
ginine, and glutamine. The total amount of amino acids in our solution is approximately 1 3.322 g/L and its their average 
mw is about 154.42 with a constant pH 7.25 to 7.45 during its storage and treatment. 

is [001 7] We consider useful to refer here briefly on the role of the numerous dispensable amino acids not included in 
our PD solution and of the ten indispensable amino acids, selected to be included in the solution indispensable amino 
acids. 

[0018] Glycine, serine, proline, tyrosine, citrulline, ornitine, alanine, aspartic acid, glutamic acid and others dispen- 
sable amino acids, were rejected from our single bicarbonate PD solution. The nutritional property of these amino acids 

20 is rather poor while they dont have proved specific beneficial properties, except for an interesting cyto protective action 
of glycine (6) and the antioxidant property of aspartic and glutamic acids (12). Moreover, serine is not safe, causing 
rats to die with anorexia, albuminuria, circulatory failure, congestion of liver and lungs (21). It is also doubtful if most 
of the above amino acids could form glycogen in excess and have an antiketogenic effect. In fact, only alanine, a 
dispensable amino acid forms glycogen and is antiketogenic, but today glutamine an indispensable now amino acid, 

25 is more potent and effective than alanine. It considerably enhances carbohydrate metabolism in all human organs with 
many other benificial properties (see below). 

[0019] The ten amino acids included in our single bicarbonate PD solution are all indispensable which means that 
they cannot be synthesized in the human organism. Consequently, they may play a potent nutritional role by maintaining 
energy balance and thus combat and control the malnutrition of chronically uremic patients. 

30 [0020] Histidine was disputed for many years to be an indispensable amino acid. Today, according to many studies, 
histidine is an indispensable amino acid (22,23). Kopple and Swendseid (24,25) established that histidine might be 
indispensable in chronically uremic patients, while others confirmed its indispensability (26,27). Newer metabolic stud- 
ies suggest that histidine at high concentration, is associated with anorexia in animals, which could lead to protein- 
energy malnutrition. Histidine, the biosynthetic precursor of the neurotransmiter histamine was found in these animals 

35 to be elevated in plasma and brain five times above normal. In children, protein-energy malnutrition consistently pro- 
duces symptoms of depressed food intake, edema, growth failure and psychomotor changes (28), and it must be 
avoided. On the contrary, in adults at a concentration up to 6 mM/L (as in our solution), histidine enhances nutrition, 
controls lipid metabolism (26) and maintains hemoglobin levels (29). 
• [0021] Leucine, lysine, methionine, threonine and valine are all well known indispensable amino acids. They are also 

40 the basic potent nutrients various studies showed that the concentrations of these amino acids could be increased 
manyfold without apparent toxic effects (30-34). 

[0022] This is also the case with phenylalanine, and thyprophan. Phenylalanine and tryptophan are indispensable 
amino acids. Tryptophan is distinguished from other amino acids by its indole ring and it is the first of the amino acids 
to have been proved indispensable. Both are potent nutrients. They must be used at low concentrations, up to 2-3 mM/ 
« l, as they may cause transient brain disturbances in higher concentrations (35-37). 

[0023] The remaining two amino acids, arginine and glutamine, merit more attention, because their roles were ex- 
tended recently in many fields. Firstly, both amino acids are now classified definitely as indispensable and from this 
point of view they should have potent nutritional effects (38,39). 

[0024] Arginine is the precursor of nitric oxide (NO) (38,39). Its supplementation in the hypercholesterolemic rabbits 

50 improves endothelium -dependent vasorelaxation, and shows that this improvement is associated with a reduction in 

atherogenesis (40-45). Also, in hypercholesterolemic patients arginine corrects the endothelial dysfunction in the ves- 
sels of microcirculation (46-49). Of great importance is also the effect of arginine in renal ischaemia. Schamm et al 
(50) demonstrated that arginine infusion was beneficial after 40 min clamping of the renal arteries, suggesting a reg- 
ulatory role for the NO pathway in ischemic acute renal failure (ARF). Others shown important protective effect in the 
55 renal responce to radiocontrast material (51 ). Also, arginine administration in hypercholesterolemic rats, subjected to 
high radiocontrast nephrotoxicity, showd important and rapid attenuation (52). However, Tome et al (39) (and others 
mentioned in this reference) reported recently that NO in excess, generated by irrational administration of arginine, 
may be directly toxic on cells in ARF and /or by its interaction with superoxide, leading to the oxidant peroxynitrite. The 
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authors substantiated the presenc of NO synthetase (NOS) activity in the renai proximal tubules. As already mentioned 
arginine is the exclusive percursor of NO, a substance with a half-life of only a few seconds, and of a biological activity 
of 1 -2 min. This activity ranges from disposal of protein metabolic waste, muscle metabolism, vascular tone regulation, 
immune system function, RNA synthesis, and on the release of numerous hormones (catecholamines, glucocorticoids, 

5 glucagon, growth hormon , insulin, prolactin, somatostatins), using different pathways, the disturbunce of which may 
produce detrimental effects. Dietary intervention with arginine may imrpove certain pathological states, such as diabetic 
nephropathy, cyclosporin A toxicity, salt-sensitive hypertention, ureteral obstruction, kidney hypertrophy due to high- 
protein feeding, and glomerular thrombosis due to administration of lipopolysachacharides (38,39,53). In order to re- 
duce or even eliminate the detrimental effects and to take advantage of its benificial effect, we considered necessary, 

10 to lower arginine concentration around 3 mM/L in the single bicarbonate PD solution 

[0025] Giutamine is the most abundant free amino acid in plasma and in intracellular pools in all tissues. In humans, 
glutamine accounts for approximately 20% of all amino acids. Giutamine for many years was neglected but now merits 
our attention, because during the last decade it was the topic of authentic skilful researchs by using isotopic techniques 
in human providing important and useful information. Today giutamine to be reported as the most important indispen- 

15 sable amino acid (54-57). A brief relation of their properties is needed. Giutamine is the precursor of proteins and 
nucleotides; it is the substrate and the stimulator of glucogen and gluconeogenesis in all organs and tissues, while 
alanine gluconeogenesis is poor and takes place in liver only; it is also the regulator of carboxydrate metabolism and 
antiketoic; the stimulator for the formation of lipids; giutamine suppresses the proteolysis in liver and in skeletic muscles, 
stimulats their proteins synthesis and it is a strong nutrient (58-71 ). Finally, giutamine, as also aspartic acid and glutamic 

20 acid, according our studies, is a potent scavenger of ROS (see page 13). 

[0026] All components of amino acid-based bicarbonate PD solution are absolutely safe at the indicated concentra- 
tions. Dissodium hydrogen citrate concentration is trivial and after its entry in circulation, citrate is rapidly metabolized 
to bicarbonate (72), while, the released calcium and magnesium regain their pure forms. The consumption of disodium 
hydrogen citrate is trivial (0.708 g) for a 6-hr echange without any alteration of blood coagulation. 
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Single bicarbonat HO s lution 

[0027] The exact formolution of single bicarbonate solution is listed in Table 2 (page 15). 

[0028] Besid of the presenc into the single bicarbonate HD solution (dialysate) of disodium hydrogen citrate at 
5 very low concentration (1 .5 mM/L), it contains the required electrolytes and the two dispensable amino acids aspartic 
acid and glutamic acid at a very low concentration each (0.7 mM/L). These along with bicarbonate render the HD 
dialysate a potent buffer with a constant pH (7.25-7.45). Moreover, these amino acids, according our previous studies, 
are potent scavengers (see page 13), endow the HD dialysate with strong antioxidative capability, which may combat 
effectively ROS. As stated above the concentration of disodium hydrogen citrate as well as that of aspartic acid and 
10 glutamic acid are unimportant. Nevertheless, one could argue that, because the volume of single bicarbonate HD 
dialysate during a HD session is around 100 L, the total amount of disodium hydrogen citrate 35.41 g, aspartic acid 
9.33 g and glutamic acid 10.3 g that comes in contact with the artificial membrane is too high. Therefore the question 
arises if these chemical components could by shown to be dangerous for patient. Taking into account that the HD 
dialysate exiting from the dialyser retains over 50% of the initial content i.e. half of the above value and that HD is used 
*s three times per week, the entry of disodium hydrogen citrate, aspartic acid and glutamic acid could not exceed 7, 2.5 
and 2.75 g respectively each day. Citrate even in large amounts is rapidly metabolized to bicarbonate (see above) and 
the amount of both amino acids is smaller than that of daily intake with food (12). 



Table 2. 



20 


A single and stable improved bicarbonate solution for hemodialysis 




Components 


g/ 100 L 




Sodium chloride 


NaCI 


613.62 




Sodium bicarbonate 


NaHC0 3 


268.80 


25 


Potassium chloride 


KCI 


11.18 




di- Sodium citrate 


C 6 H 6 Na 2 0 7 -1%H 2 0 


35.41 




Calcium chloride 


CaCI 2 -2H 2 0 


25.70 




Magnesium chirohde 


MgCI 2 -6H 2 0 


10.16 


30 


L-Aspartic acid 


C 4 H 7 N0 4 


9.33 




L-Glutamic acid 


C 5 H 9 N0 4 


10.30 








984.50 




Na 140 + CI 111 +HC0 3 32 + 




35 


K 1.5 + Cit 1.5 + Ca 1.75 + 






Mg 0.5 + ASP 0.7 + GLU 0.7 mM/L: 289.65 






pH : 7.25 - 7.45 Osmolarity: 287 mOsm 





Preparation, sterilisation and stability 



[0029] Preparation of both PD and HD solutions was carried out by dissolving chemicals in freshly produced ultrapure 
water taken by a procedure combining carbon perfusion, reverse osmosis and membrane filtration for retaining bac- 
terials. For preparation of HD solution a hundredfold dry mixture of ail needed chemicals (984.5 g, see Table 2) was 

45 packed and stored in an air tight plastic bottle at room temperature. Thus may serve for preparing adequate dialysate 
for a routine HD session, by dissolving its content at 1 00 liters of freshly ultrapure water made by hand or mechanically. 
[0030] PD solution could be sterilized by filtration, and also it can be sterilized by autoclaving, according the classical 
method used for sterilization of pure bicarbonate solution i.e. at 100°C for one hour, included in air tight plastic bag. 
[0031] Sterilized PD solution protected from light and stored at temperature varying from 1 0 to 35°C, remained stable 

50 for at least six months. No precipitate was observed. All components contained into the single bicarbonate amino acid- 
based solution remained practicaly unchanged as the difference between monthly measurements did not exceed 
±1 .3%. The pH of the solution, ranged withing its initial values (7.25 -7.45). On the other hand, the non sterilized solution 
of HD, even exposed on air preserves its initial pH (7.25-7.45) for more than 8 nr. Apparent formation of insoluble 
neutral calcium and magnesium carbonate were not observed. Bicarbonate dialysate prepared on-line is rapidly dete- 

55 riorated during the HD session, and the insoluble calcium and magnesium carbonate deposition reappear on the wall 
of flow path tubes. 
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Comparativ study fsingl amino acid- bicarb nat s iution vs lactate s lution with 2.5% glucose in rabbits 
for assessing ultra filtrati n 

[0032] Two groups of six rabbits (2.5-3.0 Kg) each received i.p. 40 mU Kg of either single bicarbonate amino acid- 
5 based solution (osmolarity 369 mOsm) and a currently used lactate solution, containing 25 g/L of glucose (osmolarity 
408 mOsm), respectively. After a 6-hr dwell time, the animals were sacrificed and the peritoneal fluid was collected, 
according to a technique reported elsewhere (6). The fluid was measured and net ultrafiltration was calculated as the 
difference between the infused and drained volume. The mean value of net ultrafiltration was appoximately 25% greater 
in rabbits received single bicarbonate amino acid-based solution than that with lactate solution (59 ± 2.66 vs 48 ± 2.5, 
10 p< 0.05), although the osmolarity of the first solution was only 369 mOsm and the average mw of amino acids 154.2 
against the second solution with an osmolity 408 mOsm and a mw of glucose 180. Apparently this increased ultrafil- 
tration may be attributed to either the constant normal pH of the single bicarbonate amino acid-based solution, the 
presence of amino acids, the absence of glucose and its antioxidant property of PD single bicarbonate solution. Other 
factors may contribute to increased ultrafiltration. As amino acids accept and donate protons, that is, when they lose 
is protons become negatively charged or when they gain protons become positively charged, it is possible in either of 
situations that absorption of given indispensable amino acids is repeled from the peritoneum. High ultrafiltration let us 
to expect that our PD solution would effectively treat the patients by 2 or 3 exchanges daily. 

Comparative study of single bicarbonate dialysate vs bicarbonate on-line dialysate in a volunteer patient for 
20 assessing various parameters 

[0033] Single bicarbonate HD dialysate was used for a 3-month period in a volunteer patient undergoing regular 
chronic HD with bicarbonate dialysate prepared on-line for 3 yrs. Biochemical values were compared with those of the 
last 3- month period. Patient served as his own control. The patient tolerated the single bicarbonate dialysate well, as 
25 he did previously with the bicarbonate dialysate prepared on-line. There were no significant differences in the following 
parameters: urea, creatinine, hematocrite, hemoglobin, Na, K, P, CI, Ca, Mg and PaC0 2 An insignifican increase of 
pH and HC0 3 values before and after HD with single HD dialysate was observed, while a reduction (p<0.05) of the 
oxidative activity of serum was noted. This could be attributed to the scavengering property of aspartic acid and glutamic 
acid, which may attenuate the rate of atheromatosis in chronic uremic patient. 
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is Claims 

1. The newer proposed two single and stable solutions for peritoneal dialysis (PD) and hemodialysis (HD) contain 
the needed electrolytes, the bicarbonate and at very small concentration (1.5 mM/L) disodium hydrogen citrate. 
Besides, the PD solution contains the following ten indispansable amino acids, L-istidine, L-leucine, L-lysine, L- 

20 methionine, L-phenylalanine, L-threonine, L-tryptophane, L-valine, L-arginine and L-gloutamine, while the HD so- 

lution contains the two dispansable amino acids, L-aspartic acid and L-glutamic acid. 

2. Both, PD and HD solutions has the same stable pH 7.25-7.45 arising in PD solution from the ten indispansable 
amino acids and bicarbonate, and in HD solution from the two dispansable amino acids and bicarbonate. These 

25 render PD and HD solution authentic buffers. Studies in our laboratory proved that at pH 7.25-7.45, citrate even 

at the very small concentration of 1.5 mL/L form by its chelating capability with calcium and magnesium stable 
soluble complexes, excluding so the appearance of neutral insoluble calcium and magnesium carbonate salts. 

3. The soluble complexes of PD and HD solutions during their use are tranfered in the circulation of patient where 
30 citrate rapidly metabolized in liver to bicarbonate, and the released calcium and magnesium, regain their pure 

forms. Except the role of amino acid in the formation of pH 7.25-7.45 mentioned in claim 2, the ten indispansable 
amino acids of PD solution improve disturbed nutrition of patients, adjust the removal of water balance via the 
peritoneum, and as L-glutamine is potent scavenger, neutralizes the harmful reactive oxygen species (ROS). These 
exist in excess, causing the damage of peritoneum and ail cells and tissues. Also, L-aspartic acid and L-glutamic 
35 acid, potent scavengers according our studies, neutralize ROS in patient undergoing hemodialysis by using HD 

solution. 

4. PD and HD solutions are prepared by dissolving chemecals in freshly produced ultrapure water by combining, 
carbon perfusion, reverse osmosis and membrane filtration for retaining bacterials. PD dialysis solution could be 

40 sterilized by filtration, but also by autoclaving, using the classical method for sterilization of pure bicarbonate so- 

lutions at 100° C for one hour in air tight plastic bac. The sterilized PD solution protected from light and stored at 
a temperature varying from 10° to 35° C remains stable for at least six months. 

5. HD solution preparation is performed by dissolving a hundredfold dry mixture of of all needed chemicals (984.5 g) 
45 at 1 00 L of freshly ultrapure water made hand or mechanicaly, just before HD session, 

6. HD solution, even exposed in air preserves its initial pH (7.25-7.45) for more than 8 hr after its preparation. During 
this time formation of insoluble neutral calcium and magnesium carbonate salts never were observed. On the 
contrary bicarbonate solution prepared on-line is rapidly deteriorated during the HD session with visible depositions 

so on the inside wall of flow path tubes. 



7. PD solution vs standard lactate solution with 25 g/L glucose in rabbits, and HD solution vs on-line prepared HD 
bicarbonate solution in a human volunteer, compared as above, proved the significant superiority of newer solutions 
in terms to ultrafiltration, pH, acid -base control and oxidative activity. 
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